Introduction
The chemotactic movement of cells along gradients of morphogens is believed to play a central role in the development of multicellular organisms (Neumann and Cohen, 1997 ). An intriguing example of such directional cell migration occurs in the formation of the vertebrate gonad, during which somatic and germ cells migrate into and colonize the developing gonad (Zamboni et ah, 1979; Byskov, 1986) . In sheep, the mesonephros, especially the giant glomerulus, makes a major contribution to the developing gonads (Davies and Davies, 1950; Zamboni et ah, 1979; Zamboni and Upadhyay, 1982) . It is proposed that the granulosa cells are derived from the rete ovarii, which are themselves derived from the mesonephros, with no obvious contribution from the ovarian surface epithelial cells (Zamboni et ah, 1979; McNatty et ah, 1995) . Regression of the mesonephros from day 24 to day 26 of gestation is accompanied by the mobilization and migration of the mesonephric glomerular and tubular cells, which first colonize the early, sexually indifferent, gonads and later, after sexual differentiation (that is, at day 32 of gestation), the differentiated ovaries (Zamboni et ah, 1979) . Although regression of the giant glomerulus in sheep fetuses is complete by day 45 of gestation, mesonephric cells continue to migrate to the ovaries until about day 58 of gestation (Zamboni et ah, 1979) . Within the ovary, the invading mesonephric cells become closely associated with the germ cells that have themselves migrated into the developing gonad from the yolk sac (Eddy et ah, 1981) . Zamboni et al. (1979) described two stages in the migration process from the glomerulus, a 'non-organized' phase at days 24-29 of gestation, during which mesonephric mesangial cells were the predominant class of migrating cells and an 'organized' phase at days 34-58 of gestation, during which migration of a solid cell mass of glomerular (parietal and visceral) and tubular epithelial cells occurs. Cells migrating during both the 'non-organized' and the 'organized' phases contribute to the formation of the ovarian rete (Byskov, 1986) . Moreover, evidence from histological and in situ hybridization studies indicates that the ovarian rete cells go on to form the ovarian granulosa cells (Byskov, 1986; Braw-Tal et ah, 1994; Tisdall et ah, 1994) .
Molecular characterization of mutant mouse alíeles associated with an aberrant germ cell migration phenotype led to the realization that the ligand-receptor pair, stem cell factor (SCF)-c-kit, plays a central role in germ cell migration to, and colonization of, the developing genital ridge (Fleischman, 1993) . Studies in vitro indicate that this signalling pathway is involved in the proliferation, survival and migration of germ cells and other stem cell lineages (Packer et ah, 1994; Orth et ah, 1997) . Furthermore, in situ hybridization studies indicate the presence of gradients of SCF gene expression which may play a role in the directional migration of germ cells (Keshet et ah, 1991) . Ovine SCF and c- kit cDNA clones have been isolated (Clark et ah, 1996; Tisdall et ah, 1996; ah, 1997) (Clark et ah, 1996) (Fig. la,b) . At day 26 of gestation, SCF mRNA was localized uniformly throughout the gonad and also, to a lesser extent, in cells connecting the gonad and in the mesonephros itself (data not shown). At day 28 of gestation, SCF mRNA was detected throughout the somatic cell population of the gonad (ovary), although the cells located in the cortex contained higher mRNA concentrations than those within the medulla (Fig. lc,d (Fig. ld,f) . From day 35 to day 40 of gestation (that is, after sexual differentiation), marked SCF expression was observed in the cortical region of the ovary (Fig. lg,h ). This pronounced cortical expression of the SCF gene continued to day 90 of gestation ( Fig. 2a-f) . At day 55 of gestation ( Fig. 2a,b) (Fig. 3a) . At day 75 of gestation, a similar pattern of SCF mRNA localization was observed (Fig. 2c,d ). The decreasing gradient of SCF gene expression from the cortex to medulla (Figs 1 and 2 ) correlates with changes in germ cell maturation seen at higher magnification (Fig. 3) (Fig. 2e,f) and in rete cells (data not shown).
Stem cell factor protein in fetal gonads
The distribution of the SCF protein in the mesonephros and ovary was examined in ovine fetuses at days 24, 28, 40, 55 and 75 of gestation using a rabbit polyclonal antiserum raised against recombinant ovine SCF (Fig. 4) . At day 24 of gestation, intense SCF immunostaining of the mesonephric epithelial cells was detected, while less immunostaining was apparent in the mesenchymal and epithelial cells of the developing gonadal ridge (Fig. 4a) . The immunostaining of the gonadal ridge at day 24 of gestation at higher magnification (Fig. 4b) shows SCF in the epithelial cells and distributed among the underlying mesenchyme cells. Primordial germ cells migrating towards the gonadal ridge also stained positively with the anti-oSCF antiserum (Fig. 4b) . At day 28 of gestation, SCF immunostaining was present throughout the developing ovary (Fig. 4c) (Fig. 4d) (Fig. 4d) . At day 55 of gestation, SCF was localized within the cortex to the surface epithelium (data not shown) and to cell clusters (chords) containing both somatic cells and germ cells (Fig. 4e) .
At day 75 of gestation, a gradient of immunostaining was noted with intense labelling in the cortex and the least intense labelling in the medulla (Fig. 4f) . SCF staining was apparent in the nests of germ cells located at the periphery of the ovary (Fig. 4g) (Fig. 7a,b) and somatic cells in the genital ridge (Fig. 5a,b) around the ventral aorta and in the dorsal mesentery (Fig. 5a,b) . In addition, there was evidence of c-kit expression in the mesonephros and the neural tube (Fig. 5a,b) . By day 28 of gestation, discreet areas of hybridization over both germ cells and somatic cells were evident both in, and beneath, the developing gonad (Fig. 5c,d ). By day 30 of gestation, a discontinuous ring of punctate hybridization was observed around the cortical region of the gonad (Fig. 5e,f) . By day 40 of gestation, there was an intense band of c-kit expression in the ovarian cortex, associated with both germ cells and somatic cells, and punctate areas of expression were also observed in clusters of germ cells in the central region of the gonad (Fig. 5g,h) . At (Fig. 6d) . By day 90 of gestation, cords enclosing germ cells were no longer present as most germ cells had become isolated oogonia or oocytes. C-kit expression was detected in the oocytes of developing follicles but not in the isolated oogonia (Fig. 6f) .
Localization of c-kit protein in the fetal ovine gonad or ovary using immunohistochemistry
The localization of c-kit protein in fetal ovaries at different developmental stages is shown (Fig. 8) . At day 24 of gestation, c-kit immunostaining was observed in mesonephric epithelial cells while small amounts of staining were also detected in the mesenchymal and epithelial cells of the developing gonadal ridge (Fig. 8a,b) . In addition to the immunostaining in the region of the developing gonad, very intense immunostaining was noted in neurones extending from the ventral portion of the neural tube (Fig. 8a) . At day 28 of gestation, c-kit immunostaining was present in germ cells and somatic cells within the ovary and also the mesonephric epithelium (Fig. 8c) .
At day 40 of gestation, c-kit immunostaining was present throughout the ovary (Fig. 8d) with intense labelling of cell clusters that included germ cells. A clear boundary was noted between the ovary (positive c-kit immunostaining) and the mesonenephric cells adjacent to the ovary (no staining) (Fig. 8d) . However, the mesonephric tubule epithelial cells were intensely labelled with the anti-c-kit antisera (Fig. 8d) . At day 55 of gestation, staining of the surface epithelium (Fig. 8f ) and also intense labelling of cell clusters in the cortex was evident (Fig. 8e,f) : some of these labelled cells included oogonia and oocytes. At day 75 of gestation, labelling of the surface epithelium was evident, as were the oogonia and newly forming oocytes in the cortex (Fig. 8g) .
The findings of c-kit immunostaining at day 90 of gestation ( Fig. 8h) were similar to those found at day 75 of gestation ( Fig. 8g) .
Relationships between stem cell factor and c-kit mRNA and protein localization in the gonad (Tanikawa et ah, 1998) . The persistence of membrane-bound c-kit protein seems the most likely explanation, since the antibody recognizes a peptide sequence corresponding to amino acids 958-976 of human c-kit, which is in the cytoplasmic region of the cell, neutralization of the c-kit antibody with the aforementioned peptide sequence inhibited binding, and the antibody binding was localized principally to specific cell types rather than to extracellular regions. The ovine peptide sequence at the carboxy-terminal of c-kit remains unknown, but the predicted homologies from the GenBank database for rat, chicken, mouse, bovine and goat c-kit were 78-84%.
In the present studies, the somatic cells migrating into the gonad at days 24-26 of gestation were expressing the SCF gene whereas, at day 28 of gestation, there was no evidence of gene expression in the continuum of cells from the mesonephros into the gonad. This finding is consistent with results in which SCF gene expression along the PGC migratory route ceased by embryonic day 11.5 when PGC colonization of the gonad was complete, while expression continued in the gonad in mice (Keshet et ah, 1991 (Byskov and Lintern-Moore, 1973; Zamboni et ah, 1979) . Moreover, the presence of SCF protein in these follicles, notwithstanding the absence of localized gene expression, is consistent with the view that the ligand is present in a soluble form and that it is expressed by somatic cells at another site. The antisera against SCF used in the present study recognizes both the membrane-bound and soluble forms. Thus, it is likely that, in the fetal sheep ovary, both membrane and soluble forms are present during early follicular formation and growth (Ismail et ah, 1997 
